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Coronary angioscopy should permit direct inspection of 
the luminal cross section and identification of disease. 
The feasibility of introducing a SF Olympus Ultrathin 
fiberscope into the obstructed right coronary artery in 
five patients after routine cardiac catheterization by the 
brachial approach was therefore tested. An 8.3F USCI 
woven Dacron angioplasty guiding catheter was modified 
to enlarge its lumen. After engaging the right coronary 
ostium with the catheter, an attempt was made to pass 
the angioscope coaxially to the tip of the catheter. Vis-
ualization of the coronary lumen was then achieved in 
three patients by manually injecting S to 10 cc of normal 
saline solution through the guiding catheter at 2 to 3 
cc/s. White atheromatous plaque could be seen near the 
site of obstruction in each case. In two patients, a lack 
of sufficient flexibility in the distal 2 cm of the angioscope 
prevented passage to the catheter tip. 
Direct visualization of the coronary artery lumen has been 
made possible with the development of ultrathin flexible 
fiberscopes (1). Unlike coronary arteriography, performing 
coronary angioscopy during cardiac catheterization would 
allow direct assessment of the luminal cross section and 
direct visualization of atheromatous plaques, intraluminal 
thrombi and other types of disease. However, to perform 
coronary angioscopy during cardiac catheterization, a num-
ber of technical problems must first be confronted. Currently 
available ultrathin fiberscopes are still relatively large for 
instrumentation of a coronary artery, have limited flexibility 
and do not have an angulation system at the distal tip. In 
addition, complete displacement of blood with a translucent 
medium must be achieved for intraluminal viewing. 
In this report, we describe the instrumentation and tech-
nique we used to minimize these problems during coronary 
angioscopy. The results of the first successful attempts to 
perform coronary angioscopy during cardiac catheterization 
are presented. 
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Preliminary experience with a videoendoscopic sys-
tem suggests that this monitoring technique is essential 
for the adequate performance of angioscopy and for re-
cording dynamic changes during blood displacement. 
Geometric distortion of the image and nonlinearities in 
magnification and light reflex with a decreasing lens to 
object distance make quantitative evaluation of the lu-
men difficult. Lack of an angulation system further con-
tributes to this problem and, more importantly, restricts 
passage of the angioscope to the proximal 1 to 2 cm 
segments of coronary arteries. Although coronary an-
gioscopy may have research and clinical applications in 
the future, these technical problems should first be 
addressed. 
(J Am Coll Cardiol 1985;6:93-7) 
Methods 
Patient selection. Permission was obtained from Beth 
Israel Hospital's Committee on Clinical Investigations to 
perform coronary angioscopy on obstructed coronary arter-
ies of patients undergoing routine coronary arteriography. 
Informed consent was obtained from each of the five patients 
on the day before cardiac catheterization. Each patient had 
had a history of an inferior wall myocardial infarction at 
least 2 months before cardiac catheterization, and a complete 
occlusion of the proximal segment of the right coronary 
artery was found in each patient during coronary arteriog-
raphy. An attempt to perform coronary angioscopy was 
made only if, on completion of routine cardiac catheteriza-
tion, the patient was clinically stable and comfortable. 
Instrumentation. An Olympus Ultrathin fiberscope 
(Olympus Corporation of America), 1.8 mm in diameter 
and 79.5 cm in length, was used for all studies. Flexibility 
was limited to a 5 cm radius of curvature along the entire 
length of the angioscope. Surrounding a centrally located 
image guide of spatially coherent optical fibers was a ring 
of optical fibers for illumination (Fig. 1). A conventional 
lens system at the proximal end of the angioscope was fitted 
either to an Olympus OM-l SLR camera with an endoscopic 
adapter or to a Medical Dynamics vidicon camera. The latter 
was attached to a Sony 19 inch television 3/4 inch U-Matic 
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Figure 1. Distal end of Olympus Ultrathin fiberscope. A ring of 
fibers for illumination surrounds the centrally located image guide 
which consists of a coherent bundle of optical fibers. The outer 
diameter of the fiberscope is 1.8 mm. 
color videotape recorder for continuous recording of the 
entire angioscopic procedure in the last three patients. 
Guiding catheter system. The brachial artery approach 
was chosen for several reasons. First, the limited flexibility 
of the fiberscope precludes coaxial advancement through 
the relatively sharp angles of preformed catheters used from 
the femoral approach. Brachial catheters can be used to gain 
entrance to coronary arteries with considerably less acute 
angles of catheter flexion being required. Second, the guid-
ing catheter had to be used to control the orientation of the 
distal tip of the angioscope after coaxial passage of the 
angioscope to the end of the guiding catheter, and brachial 
catheters afford greater control of distal catheter tip position 
than do femoral artery catheters. Third, a 9F guiding catheter 
would have been required from the femoral approach and 
would have necessitated a larger percutaneous arteriotomy 
than that used for routine cardiac catheterization, whereas 
an 8.3F woven Dacron USCI angioplasty guiding catheter 
would be used for the brachial approach (Fig. 2). The guid-
ing catheter was shortened by 3 cm to 77 cm, and the 
standard Teflon inner lining was removed to permit injection 
of translucent crystalloid solutions in the space between the 
angioscope and the guiding catheter. The side arm of a 
diaphragm adaptor fit to the proximal end of the catheter 
was connected to a standard manifold for pressure moni-
toring and for access to either contrast medium or crystalloids. 
Catheterization technique. Cardiac catheterization was 
performed from the right brachial artery in each patient; 
5,000 units of heparin were injected distally into the brachial 
artery with a 23 gauge needle at the start of the left heart 
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Figure 2. Catheterization system for coronary angioscopy. A woven 
Dacron USC) guiding catheter was shortened by 3 em and the 
inner Teflon lining removed to facilitate coaxial passage of the 
angioscope to the end of the guiding catheter. The side arm of the 
diaphragm adapter is connected to a standard manifold for pressure 
monitoring and injection of either contrast medium or normal saline 
solution. 
catheterization. The site of needle insertion was enlarged 
with a pair of fine iris scissors to create the arteriotomy. 
After removal of the 8F USCI Sones catheter used for se-
lective coronary arteriography, the tip of either the standard 
dilator or a 6F USCI Sones catheter was inserted through 
the diaphragm adaptor, advanced coaxially beyond the end 
of the guiding catheter and, subsequently, advanced through 
the arteriotomy to the aortic root. After either the dilator or 
the 6F Sones catheter was removed, an attempt was made 
to enter the stump of the obstructed right coronary artery 
with the guiding catheter. The angioscope was then ad-
vanced with the diaphragm adaptor to the distal end of the 
guiding catheter. No attempt was made to pass the angio-
scope beyond the end of the guiding catheter. One to two 
cubic centimeters of Renografin-76 were injected to confirm 
the catheter position fluoroscopically. Visualization of the 
coronary lumen was achieved by manual injection of 5 to 
10 cc of normal saline solution with a 10 cc syringe. The 
injection rate was the minimum required to achieve complete 
. displacement of blood. 
On completion of coronary angioscopy, the angioscope 
and guiding catheter were withdrawn as a single unit. The 
arteriotomy was repaired in a routine manner with 5-0 Prolene. 
Results 
Engagement of coronary ostium with angioscope. 
Attempts to perfonn coronary angioscopy were unsuccessful 
in the first two patients. To facilitate entry of the tip of 
woven Dacron brachial artery catheters into the right coro-
nary artery, a loop is usually first formed in the aortic root. 
However, removal of the Teflon lining of the guiding cath-
eter used in our study weakened the catheter shaft, so that 
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kinking of the distal end of the catheter occurred during 
loop formation, precluding coaxial passage of the angio-
scope. In the other three patients, the right coronary ostium 
was engaged without loop formation, and no kinking occurred. 
Passage of the angioscope coaxially through the guiding 
catheter was monitored both fluoroscopically and angio-
scopically. Limited flexibility of the angioscope prevented 
passage to the very end of the guiding catheter in one patient. 
Encroachment by atheromatous plaque on the proximal seg-
ment of the residual lumen of the right coronary in this 
patient is shown beyond the end of the guiding catheter in 
Figure 3A. When the tip of the guiding catheter was ad-
vanced to within several millimeters of the obstruction, a 
white atheromatous plaque was seen (Fig. 38). In the other 
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Figure 3. Video frames during angioscopic view of residual lumen 
of right coronary artery. A, B, In one patient, the angioscope could 
be passed no farther than 5 mm from the end of the guiding 
catheter, seen here as a small circle within the angioscopic view. 
White atheromatous plaque is seen to encroach on the dark residual 
lumen (A), while plaque alone is visualized at the site of complete 
obstruction more distally (B). Black dots are present as a result 
of broken optical fibers. C, In another patient, the end of the 
guiding catheter appears as a thin peripheral crescent, and the 
lumen of the stump of a right coronary artery is seen as a series 
of concentric cross sections of diminishing size and light reflex 
with increasing distance from the lens of the angioscope. 
two patients, the angioscope was passed to within I mm of 
the end of the guiding catheter, which appeared as a thin 
peripheral crescent (Fig. 3C). The luminal surface of the 
residual channel proximal to the site of occlusion of each 
of these right coronary arteries was seen as a series of 
concentric cross sections, I to 10 mm beyond the lens of 
the angioscope, which were encroached on by white ath-
eromatous plaque. Diminishing light reflex with increasing 
lens to lumen cross-sectional distance and the natural cur-
vature of the proximal right coronary artery segment pre-
vented visualization of the site of complete occlusion located 
more distally. 
In each of these latter three patients, coronary angioscopy 
was performed successfully with three to five injections of 
normal saline solution at a rate of I to 2 ccls without adverse 
effects. In all patients, the procedure was completed within 
10 minutes after advancement of the guiding catheter and 
was well tolerated by all patients. 
Video monitoring during angioscopy. Videoendo-
scopic monitoring greatly facilitated the performance of the 
procedure and documentation of the observations. Several 
assistants were required to maintain the guiding catheter 
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position, advance the angioscope, hold the endoscopic eye-
piece, adaptor and either the 35 mm SLR camera or vidicon 
camera, as well as inject the 0.9% saline solution at an 
appropriate rate. Coordination of these activities was achieved 
more easily when all participants could simultaneously view 
the videoendoscopic monitor than when the 35 mm SLR 
camera was used, which limited angioscopic monitoring to 
one operator. In addition, the 35 mm SLR camera permitted 
only a small number of exposures (although a rapid film 
advance was used) to be obtained during transient displace-
ment of blood with translucent solutions, while the video-
monitoring system permitted real-time recording of the en-
tire procedure at video frame rates. Immediate review of 
the video recordings was additionally helpful in determining 
the adequacy of the angioscopic procedure. 
Discussion 
Technicallimitations. We have demonstrated that coro-
nary angioscopy can be performed safely during routine 
cardiac catheterization. However, the ultrathin fiberscope 
we used was not specifically designed for this purpose and, 
therefore, some design modifications would make coronary 
angioscopy more practicable. Increased flexibility of the 
distal tip and a longer length are two modifications that 
should be achieved without great difficulty. Although the 
wide angle lens mounted at the distal end of the angioscope 
provides a 75° angle of view, precise coaxial alignment of 
the angioscope within a luminal segment is essential to view 
cross sections within 5 to 10 mm from the lens. An angu-
lation system for control of orientation of the distal end of 
the angioscope should, therefore, be developed to visualize 
coronary segments more than 1 to 2 mm beyond the end of 
the guiding catheter. In this regard, the diameter of the 
angioscope should be reduced by at least 0.5 mm to gain 
entrance to these more distal coronary artery segments, par-
ticularly when the coronary arteries are tortuous or have 
atheromatous narrowings, or both. 
Potential applications. Qualitative assessment of lu-
minal disease with coronary angioscopy may make it pos-
sible to identify uncomplicated atheromatous plaque, in-
traarterial thrombus, hemorrhage on the luminal surface of 
a plaque and plaque ulceration during cardiac catheteriza-
tion. Recognition of the luminal boundary between many 
plaques and the normal arterial wall is difficult, however, 
because both may show a similar white light reflex from 
the luminal surface. Selective staining of plaques with a 
vital dye, such as hematoporphyrin derivative (2), may al-
low precise identification of the luminal boundaries of plaques. 
Other dyes, such as Evans blue (3), could be used to identify 
areas of increased endothelial permeability. 
Assessing the lumen cross section. Quantitative evalu-
ation of the luminal cross section with angioscopy would 
be useful when luminal shape deviates markedly from cir-
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cular symmetry, particularly for coronary segments not well 
visualized angiographically because of vessel foreshortening 
and overlapping vessels. However, geometric distortion of 
the image by the wide angle lens makes quantitation of 
luminal cross-sectional dimensions quite difficult. A non-
linear relation exists between image size and lens to object 
distance (Fig. 4), and a marked increase in magnification 
occurs when a cross section of interest is viewed within 5 
mm of the lens. Thus, an accurate measure of lens to cross 
sectional distance must be obtained to assess luminal size. 
In addition, geometric distortion in the x,y plane of the 
angioscopic field results in a small (20%) magnification of 
objects at the periphery relative to the center. Despite these 
limitations, evaluation of luminal shape, such as the rec-
ognition of a crescent-shaped lumen which is difficult to 
recognize angiographically (4), would be useful. 
Risk and benefits. As a diagnostic tool, coronary an-
gioscopy might have many potentially useful clinical ap-
plications. However, instrumentation of a coronary artery 
with a fiberscope, no matter how much it is technologically 
improved, will always be associated with a finite risk of a 
potentially serious complication. It is, therefore, likely that 
the potential clinical benefits will justify attempts to perform 
coronary angioscopy in only a small number of patients. 
The history of the application of other fiberscopic tech-
niques, such as colonoscopy and arthroscopy, reveals that 
these techniques gained wider clinical acceptance once use-
ful therapeutic procedures under fiberscopic control were 
developed. Likewise, if coronary angioscopy could be suc-
cessfully coupled to a useful therapeutic procedure, such as 
Figure 4. Relation between object size and distance between a 
circle 2.7 mm in diameter and the distal lens of the angioscope. 
The ordinate has dimensionless units. Objects, such as luminal 
cross sections, appear to be suddenly greatly magnified when- the 
distance between the object and the distal tip of the angioscope is 
5 mm or less. 
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laser angioplasty (5-7), the potential benefits might out-
weigh the risks and justify a wide clinical application. 
Implications. Solutions to the multiple technologic 
problems in fiberscope design, as discussed earlier, would 
be required in addition to a solution to the problems con-
fronted when attempting to precisely direct a laser beam 
onto a specific area under angioscopic control. Should these 
problems be solved, it is unclear whether laser angioplasty, 
facilitated by angioscopy, would be competitive with the 
simpler and, at present. safer technique of balloon angio-
plasty. The clinical future of coronary angioscopy is there-
fore unknown. Irrespective of these uncertainties, it is likely 
that coronary angioscopy. when applied as an investigative 
tool, will be useful in correlating anatomic and pathologic 
features with the physiologic consequences of coronary ar-
tery disease. 
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